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57) ABSTRACT 
A length of metallic wire is positioned inside a length 
of metallic tube in approximate axial alignment with 
the tube. A short sleeve is placed around the end of 
the wire. The sleeve is a different metal from the tube. 
The difference between the thermoelectric coeffici 
ents of the sleeve metal and the wire metal is larger 
than the difference between the thermoelectric coeffi 
cients of the tube metal and the wire metal. The tube 
metal is more resistant of oxidation than the sleeve 
metal. 

8 Claims, 12 Drawing Figures 
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THERMOCOUPLE STRUCTURE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 5 

This application is a continuation-in-part of applica 
tion Ser. No. 217,505, filed Jan. 13, 1972, now aban 
doned, which is a division of my copending application 
Ser. No. 118,757, filed Feb. 25, 1971, now U.S. Pat. 
No. 3,774,297, which is a continuation-in-part of my 
copending application Ser. No. 82,762, filed on Oct. 
21, 1970, now U.S. Pat. No. 3,741,816, which is a 
continutation-in-part of my U.S. Pat. No. 3,556,864, 
which issued on Jan. 19, 1971 and was filed on June 3, 15 
1968. 

BACKGROUND OF THE INVENTION 

This invention relates to thermocouples and, more 
particularly, to thermocouple structures especially 20 
suited for use in the pilot burner of a gas heater. 
Conventionally, the thermocouple used in a target 

type pilot burner, of which the pilot burner disclosed in 
U.S. Pat. No. 3,291,185 issued to Harold A. McIntosh 
et al., is typical, comprises a length of wire and a length 25 
of tube made from dissimilar metals. The length of 
wire, which has an appreciably smaller diameter than 
the inside diameter of the tube, lies inside the tube in 
axial alignment therewith. Preferably, the extremity of 
the tube against which the flame of the pilot burner 
impinges has a smaller diameter and wall thickness 
than the base of the tube so as to promote large heat 
transfer radially inward through the extremity and 
small heat transfer axially from the extremity to the 35 
base of the tube. A tip is formed on the end of the 
extremity of the tube to seal its interior from the atmo 
sphere and to form a hot thermocouple junction be 
tween the extremity of the tube and the adjacent end of 
the wire. A pair of leads, permanently joined respec- 40 
tively to the base of the tube and the adjacent end of 
the wire, connect the thermocouple to an electrical 
measuring instrument, or electrical coil, operating a 
control device. 
The tube is made from a nonoxidizable metal such as 45 

stainless steel, but the wire is generally made from an 
oxidizable metal. If the seal at the extremity of the tube 
is imperfectly formed by the tip, oxidation of the wire 
takes place and the hot thermocouple junction deterio 
rates. The diameter of the wire is appreciably smaller 
than the inside diameter of the tube to avoid the possi 
bility of a short circuit through contact between the 
wire and the tube at a point other than the hot junction. 
As a result, it is difficult to center the end of the wire 
sufficiently in the open area at the end of the extremity 
of the tube while the tip is being welded. Eccentricity 
between the end of the tube and the wire tends to cause 
an uneven distribution of the metals in the metallic 
weld bead forming the tip. As a result, stringers of the 
wire material may be produced in the tip that are even 
tually oxidized, leaving the tip porous. If more heat is 
used to form the tip in an attempt to eliminate imper 
fect seals, the danger exists that too much admixture of 
the dissimilar metals occurs at the tip to form an effi- 65 
cient hot junction. The problem of imperfect seals at 
the tip becomes especially acute if the tip forming oper 
ation is automated by use of heliarc equipment. 
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SUMMARY OF THE INVENTION 

The invention involves a short sleeve placed over the 
end of a wire. The sleeve can be open or closed at its 
end. The hot thermocouple junction is formed between 
the adjacent surfaces of the sleeve and the wire. A 
feature of the invention is the use of a different metallic 
composition for the sleeve than for the tube. For the 
sleeve is selected a metallic composition that is the 
most effective thermoelectric generator with the metal 
of the wire. For the tube is selected a metallic composi 
tion that is most resistant to oxidation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of specific embodiments of the inven 
tion are illustrated in the drawings, in which: 
FIG. 1 is a side elevation view in section of a thermo 

couple structure of the type in which the invention is 
used; 
FIGS. 2A and 2B are side elevation views in section 

of one embodiment of the extremity end of a tube, 
respectively, before and after the formation of the tip; 
FIGS. 3A and 3B are side elevation views in section 

of another embodiment of the extremity end of tubes 
before the formation of the tip, and FIG. 3C is a side 
elevation view in section of the same tubes after the 
formation of the tip; 
FIGS. 4A and 4B are side elevation views in section 

of a further embodiment of the extremity end of tubes 
before the formation of the tip, and FIGS. 4C and 4D 
are side elevation views in section of FIGS. 4A and 4B 
after the formation of the tip, respectively; and 
FIGS. 5A and 5B are side elevation views in section 

of another embodiment of the extremity end of a tube, 
respectively, before and after the formation of the tip. 
DESCRIPTION OF SPECIFIC EMBODIMENTS 

Reference is made to application Ser. No. 118,757 
for a description of FIGS. 1, 2A, 2B, 3A, 3B, 3C, 5A, 
and 5B. The disclosure of said application is incorpo 
rated herein by reference. 
The claims of the present application are directed to 

the structure of FIGS. 4A through 4D. In FIG. 4A, a 
tube 60 and a wire 61 are shown. A tight-fitting open 
end sleeve 62 is placed over the end of wire 61. Then 
wire 61 with sleeve 62 is placed in tube 60 such that the 
end of wire 61 is set in slightly from the end of tube 60 
and tube 60 and sleeve 62 are approximately flush. The 
outside diameter of sleeve 62 is sufficiently smaller 
than the inside diameter at the end of tube 60 to fit 
loosely or tightly therein. Sleeve 62 is made from a 
metal that is different from tube 60. Sleeve 62 is short 
in relation to the length of tube 60 and wire 61. Before 
or after placing wire 61 and sleeve 62 in tube 60, sleeve 
62 is spot-welded to wire 61 to form a hot thermo 
couple junction therebetween. At the same time, the 
spot-welding may be used to establish a good electrical 
contact between tube 60 and sleeve 62 if the hot ther 
mocouple junction is formed after placement in tube 
60. 

In FIG. 4B, a closed ended sleeve 63 replaces sleeve 
62. Sleeve 63 is treated in the same manner in the 
course of the formation of a thermocouple as sleeve 62. 
It simple provides greater protection of the end of wire 
61 from the heat during formation of the sealed tip and 
a more uniform tip weld bead. Alternatively, an open 
ended sleeve covered by a slug of material, as slug 73 in 
FIG. 5, could be employed. As illustrated in FIGS. 4C 
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and 4D, sealed tips 64 and 65 are formed on the end of 
tube 60 when the end of tube 60 is welded shut by 
application of heat. FIG. 4C illustrates open-ended 
sleeve 62 after the tip has been formed, and FIG. 4D 
illustrates close-ended sleeve 63 after the tip has been 
formed. 

Special advantage is derived from making sleeves 62 
and 63 from different compatible compositions. In this 
way, there can be selected for the tube a composition 
which is highly resistant to oxidation and for the seeve 
a composition which forms the most efficient thermo 
electric generator with the metal of the wire, i.e., will 
generate the largest voltage for a given temperature 
difference between junctions. For example, the wire 
could be made from copel, the sleeve could be made 
from stainless steel 403, and tube 60 could be made 
from stainless steel 430. The difference between the 
thermoelectric coefficients of stainless steel 403 and 
copel is larger than the difference between the thermo 
electric coefficients of stainless steel 430 and copel. 
(The term "thermoelectric coefficient' is used herein 
in the manner defined in the text, Electricity and Mag 
netism, by Francis Weston Sears, Addison Wesley Pub 
lishing Company, Inc. 1953, pp. 160-168.) However, 
stainless steel 430 is more resistant to oxidation than 
stainless steel 403. In summary, the metals of the com 
ponents of the thermocouple are selected so that the 
difference between the thermoelectric coefficients of 
the sleeve metal and the wire metal is larger than the 
difference between the thermoelectric coefficients of 
the tube metal and the wire metal; thus, since the hot 
thermocouple junction is formed between the sleeve 
and tube, a larger voltage can be generated for a given 
temperature difference between thermocouple junc 
tions, than could be generated if the hot thermocouple 
junction were formed between the tube and the wire. 
*Preferably, the tube and sleeve metals are selected so any secondary 
thermoclectric voltage generated therchetween will add to the voltage 
generated between the sliceve metal and the wire metal. 
Another advantage can be derived from using a dif 

ferent metal for the sleeve, namely, that a precious 
metal can be used as one element of the thermocouple 
junction to improve the thermoelectric generation 
without undue expense. The sleeve requires much less 
metal than the tube. 
Another advantage in the described thermocouple 

structure is that a sharp, well defined hot thermocouple 
junction can be formed, i.e., little admixing of the met 
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als takes place, because the junction is not at the sealed 
tip of the tube. 
What is claimed is: 
1. A thermocouple structure comprising: 
a length of tube made from one metal; 
a length of wire made from a dissimilar metal, the 

length of wire having a smaller diameter than the 
inside diameter of the tube and extending inside 
the tube in spaced approximate axial alignment 
therewith; 

a metallic sleeve fitting around the wire at one end to 
fill the space between the wire and the tube, the 
sleeve being formed of a metal different from the 
tube metal and the wire metal, the difference be 
tween the thermoelectric coefficients of the sleeve 
metal and the wire metal being larger than the 
difference between the thermoelectric coefficients 
of the tube metal and the wire metal; 

an electrical connector at the other end of the wire 
from the sleeve, the connector having first and 
second mutually insulated electrical paths con 
nected respectively to the opposite end of the tube 
and the wire from the sleeve; 

at least one thermocouple junction formed between 
the sleeve and the adjacent portion of the wire; and 

means covering the end of the tube adjacent to the 
sleeve to seal the tube from the atmosphere. 

2. The thermocouple structure of claim 1, in which 
the sleeve has a closed end where the tip covers the end 
of the tube. 

3. The thermocouple structure of claim 1, in which 
the thermocouple junction is formed by a spot weld 
between the sleeve and the wire. 

4. The thermocouple structure of claim 1, in which 
the tube metal is more resistant to oxidation than the 
sleeve metal. 

5. The thermocouple structure of claim 1, in which 
the sleeve is stainless steel. 403, the tube is stainless 
steel 430, and the wire is a nickel-copper alloy. 

6. The thermocouple structure of claim 4, in which 
the thermocouple junction is formed by a spot weld 
between the sleeve and the wire. 

7. The thermocouple structure of claim 6, in which 
the sleeve is stainless steel 403, the tube is stainless 
steel 430, and the wire is a nickel-copper alloy. 

8. The thermocouple structure of claim 7, in which 
the sleeve has a closed end where the tip covers the end 
of the tube. 
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